The fundamental bands of the CCl 3 asymmetric deformation modes of selected isotopomers of chloroform (CHCl 3 ) and freon-11 (CFCl 3 ) have been measured in a static cell at ambient temperature using a laser-based source of tunable radiation in the terahertz region of the electromagnetic spectrum.
, photoconductive antennas [6, 7] , and quantum-cascade lasers [8] , narrowband, widely tunable THz sources are still scarce [9] . Recently, we developed a source of THz radiation [10, 11] , which is based on differencefrequency mixing of near-infrared (NIR) radiation in 4-N,N-dimethylamino-
4
′ -N ′ -methyl stilbazolium tosylate (DAST) crystals [10, 12] and is capable of generating narrowband radiation (FWHM ∼10 MHz) from 0.1 to 10 THz. This source is particularly suitable for molecular spectroscopy of low-frequency vibrations. This note presents the vibrational spectra of the atmospherically relevant freon-11 (CFCl 3 ), chloroform and selected isotopomers recorded in the region between 7 and 8 THz using this source.
CHCl 3 and CFCl 3 are prototypical oblate-top molecules with C 3v symmetry and have been investigated comprehensively in both experimental and theoretical works. The pure rotational spectra of the vibronic ground state and of the first excited vibrational levels of the degenerate (e) modes ν 5 [13] and ν 6 [14] of chloroform have been measured previously, and so have rotationally resolved infrared spectra of the fundamental bands of the degenerate modes ν 4 [15] and ν 5 [13] . For the lowest vibrational level ν 6 , the fundamental transition wavenumber was determined from low-resolution infrared [16] and Raman [17, 18] spectra to be ∼260 cm −1 (7.80 THz), but none of the infrared and Raman spectroscopic studies [16, 17, 18] reported so far have provided information on the fundamental bands of the different chlorine isotopomers.
The situation is very similar for the asymmetric deformation modes of CFCl 3 and its isotopomers, for which only Raman spectra recorded at moderate resolution have been reported (see, for instance, Ref. [19] ).
We report here a measurement of the absorption spectra of 12 CHCl 3 ,
13 CHCl 3 , CDCl 3 and CFCl 3 with natural isotopic abundance of chlorine in the region of the ν 6 fundamental band. This mode is of e symmetry for the C 3v isotopomers but splits into two modes, ν 6 (a ′ ) and ν 9 (a ′′ ), in isotopomers of C s symmetry (we follow the usual convention for numbering the normal modes, see p. 25 of Ref. [20] ).
The experimental setup was identical to the one described in Ref. [11] and was placed under an N 2 -purged plexiglas cage to reduce water absorption.
12 CHCl 3 , 13 CHCl 3 , 12 CDCl 3 and 12 CFCl 3 were supplied by Sigma-Aldrich (≥ 99.5% purity) and used without further purification. A one-meter-long absorption cell with white, ultra-high molecular weight (UHMW) polyethylene windows was filled with 120 mbar ( rotational and rovibrational spectra reported in Refs. [13] and [14] .
The main intensity contribution to the sharpest feature observed in the 5 spectra displayed in Fig. 1 arises from the central Q-branch of the vibrational band because other branches are spread out over a very broad range. In isotopomers of C s symmetry, the ν 6 mode splits into two modes, ν 6 and ν 9 of A ′ and A ′′ symmetry, respectively. Our spectra do not reveal any evidence for this splitting. frequencies of the ν 6 (a ′ ) and ν 9 (a ′′ ) modes calculated ab initio also appear degenerate within the expected precision limit of the method used (see Table 1 ).
In simulating the ν 6 fundamental band of 12 CH 35 Cl 3 , the ground state molecular constants were fixed to the values given in Table 1 of Ref. [15] and those of the vibrationally excited state to those listed in Table VIII of Ref. [14] . In particular, the value of (C 6 − B 6 − C 6 ζ 6 ) was fixed to −87.23874 MHz as reported in Ref. [14] . Simulations with the same value for (C 6 − B 6 − C 6 ζ 6 ), but values for ζ 6 of 0. Table 1 , where they are compared with values calculated ab initio at the MP2/cc-pVTZ level of theory with frozen-core approximation for the CCl 3 asymmetric deformation mode [21] . The calculated harmonic frequencies systematically overestimate the experimental fundamental frequencies by a factor of ∼1.02.
In summary, a laser-based source of tunable THz radiation has been used to obtain information on low-frequency vibrations of chloroform, freon-11 and several of their isotopomers. In future, we plan to use the same radiation source to measure THz spectra of molecules in supersonic jet expansions to 7 partially resolve their rotational structure. In the experiment, the vibrational excitation will be followed by photoionization of the upper vibrational level using another laser source. By tuning the frequency of the THz source and detecting the photoions, this double-resonance scheme should enable sensitive, background-free and isotopomer-selective absorption measurements. 
